Objectives: The noradrenergic system plays an important role in the pathophysiology of alcohol use disorder (AUD). Medications in this class may reduce drinking. Our aims were to investigate this in a unique sample of individuals with AUD. Methods: Thirty-six individuals with AUD were randomized to treatment with prazosin, an alpha-1 noradrenergic antagonist, or placebo, for 6 weeks (target daily dose 16 mg). Hierarchical linear modeling was used to examine the effect of treatment group on rate of change in primary (drinks per week [DPW]) and several secondary outcome measures. Results: Prazosin did not significantly affect rate of reduction in alcohol use in the intent to treat sample (n ¼ 36) compared with placebo, but did significantly increase the rate of reduction in DPW in an optimal treatment exposure subgroup (beta ¼ À0.3; P ¼ 0.01; event rate ratio 0.74; confidence interval 0.59, 0.93; n ¼ 27). Poor adherence and tolerability may have contributed to null effects. Diastolic blood pressure (DBP) moderated the effects of treatment group on rate of reduction in drinks per drinking day, supporting previous work in doxazosin, another alpha-1 antagonist. Specifically, prazosin was associated with greater rates of reduction in drinking compared with placebo in individuals with high but not low DBP. Conclusions: Our findings do not support the clinical utility of prazosin for all treatment-seeking AUD, but post hoc analyses indicate that it might have some efficacy in individuals who can tolerate it. Further work exploring the clinical utility of DBP as a treatment matching variable, and defining optimal values using sensitivity and specificity analyses, is warranted.
T he norepinephrine system plays an important role in AUD development and maintenance (Koob, 2008; Simpson et al., 2015; Kenna et al., 2016) , with hyperactivation of this system related to greater alcohol reward (Mitrano et al., 2012) , withdrawal (Kovacs et al., 2002; Patkar et al., 2003) , and stress-induced relapse (Koob, 2009; Simpson et al., 2015; Kenna et al., 2016) . This knowledge informs theories that reductions in noradrenergic tone could enhance abstinence, and has motivated several groups to study alpha-1 noradrenergic antagonists for AUD treatment (Rasmussen et al., 2009; Simpson et al., 2009; Le et al., 2011; O'Neil et al., 2013; Simpson et al., 2015) .
Recent animal (Rasmussen et al., 2009; Froehlich et al., 2015) and human studies demonstrate that noradrenergic antagonists such as prazosin may have efficacy for the treatment of AUD, producing reductions in drinking days per week and drinks per week (DPW) from 3 to 6 weeks (Simpson et al., 2009) in individuals with AUD alone, and in per cent days drinking per week and per cent days heavy drinking per week in individuals with co-occurring AUD and post-traumatic stress disorder (PTSD) (Simpson et al., 2015) relative to placebo. In a human laboratory study, prazosin reduced craving, anxiety, and negative emotion induced by an alcohol cue and/or stressor relative to placebo (Fox et al., 2012) . Doxazosin, another alpha-1 noradrenergic receptor antagonist, was not effective in reducing drinking overall in an AUD sample relative to placebo (Kenna et al., 2016) , but did reduce DPW and heavy drinking days in individuals with a positive family history of alcoholism (Kenna et al., 2016) . In another analysis of these data, doxazosin was also found to reduce drinks per drinking day (DPDD) in those with elevated diastolic blood pressure (DBP) (Haass-Koffler et al., 2017) .
As is evident from the nuanced findings from the aforementioned doxazosin trial, AUD medication effects may be affected by heterogeneity in patient samples and by specific subtypes within the AUD spectrum (Kampman et al., 2007; Roache et al., 2008; Bogenschutz et al., 2009; Mann et al., 2009; Hutchison, 2010; Wilcox and Bogenschutz, 2013; Mann et al., 2014; Seneviratne and Johnson, 2015) . A National Institutes of Health-wide initiative, Precision Medicine, highlights the importance of searching for variables that allow patients to be matched to particular treatments so as to identify treatment moderators in the context of clinical trials. For prazosin, there are several important potential moderators to consider. As mentioned previously, a positive family history and elevated DBP have been found to predict a better response to treatment with doxazosin in AUD (Kenna et al., 2016; Haass-Koffler et al., 2017) . Given prazosin's mechanism of effect (reduction of noradrenergic tone) and its efficacy in ameliorating some of the anxiety-related symptoms in PTSD (Raskind et al., 2003; Raskind et al., 2007; Taylor et al., 2008; Germain et al., 2012; Raskind et al., 2013; Simpson et al., 2015) , level of anxiety is another promising potential moderator, which, to our knowledge, has not yet been explored.
This study was a small clinical trial of prazosin for the treatment of AUD. Our primary aim was to measure the effects of prazosin on drinking (primary measure: DPW), and to provide further information on safety and tolerability of this medication in individuals with AUD. Our second aim was to examine several potential moderators, hypothesizing that high baseline DBP and anxiety would predict a more robust treatment response.
MATERIALS AND METHODS

Participants
Thirty-six individuals (63.9% male) between the ages of 18 and 65 (39.6 AE 11.4) with AUD interested in cutting back or quitting drinking were recruited through newspapers, online postings like craigslist, and flyers. To be enrolled, individuals were required to be English-speaking, want to cut back or quit drinking (treatment seeking), have at least 4 heavy drinking days (>4 standard drinks for women, >5 for men) in the past month, and meet criteria for alcohol dependence in the past 3 months (during the first few months of the study, 4 subjects were enrolled who had 4 drinking days, but did not meet the threshold for heavy drinking days; after this was noted, the process for determining eligibility was improved so that this error did not happen again). Participants were excluded if they were currently undergoing alcohol treatment, taking antidepressant, anticraving, anxiolytic, antipsychotic, mood-stabilizing, or anticonvulsant medications, had any severe neurologic, cardiac, hepatic, or renal medical issues or other serious medical conditions, had comorbid diagnoses of PTSD, schizophrenia, schizoaffective disorder, bipolar I, or dependence on another drug other than nicotine or cannabis, had suicidal thoughts during the past month, or were pregnant.
Trial Procedures
A 45-day randomized double-blind placebo-controlled trial of prazosin was conducted at the University of New Mexico Center for Psychiatric Research (clinicaltrials.gov identifier NCT01916941). The study protocol was approved by the University of New Mexico Health Sciences Center Human Resources and Review Committee (the procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation [institutional and national] and with the Helsinki Declaration, as revised in 2004: http://www.wma.net/en/30publications/ 10policies/b3/). Once it was confirmed participants qualified for the study, they were randomized to a medication group by the pharmacist. While on medication, participants were treated using the COMBINE Medical Management Protocol (MM) (Anton et al., 2006) over 8 visits (6 in person, 2 over the phone). Further details on trial procedures and other methods are available in supplemental materials (http://links.lww.com/ JAM/A84) and Fig. S1 (http://links.lww.com/JAM/A85).
Study Drug
Prazosin was given thrice daily, titrating over the first 2 weeks with a target dose of 16 mg, mirroring that of previous work using this medication in AUD (Simpson et al., 2009) (Table 1) , and participants were treated for 6 weeks. The provider had discretion to reduce the participants' dose of medication or stop the medication if they reported clinically significant side effects or experienced orthostatic hypotension by vital signs.
Randomization and Blinding
Participants were randomized to prazosin or placebo by the study pharmacist who never had contact with the patients. The randomization was stratified based on whether they had an anxiety disorder diagnosis (Structured Clinical Interview for DSM Disorders; Kranzler et al., 1996) , given the known beneficial effects of prazosin in PTSD, and the possibility that individuals who had greater anxiety might respond better to prazosin than those with lower anxiety, and allocation was determined based on a randomization table provided to the study pharmacist at study onset. After the participants had finished the medication schedule (usually a few days after the 10th visit), participants were asked what group they thought they were assigned to (supplementary results), the blind was broken, and patients were informed of their random assignment.
Measures
Our primary drinking outcome measure was DPW, and we obtained measures at 2-week intervals (90 days from baseline, 0-2 weeks after medication initiation, 2-4 weeks after medication initiation, and 4-6 weeks after medication (Schalet et al., 2016) .
Participant blood pressure was measured at all visits while sitting (sit) and after standing for at least a minute (std). Screening DBP was utilized in moderator analyses (instead of systolic), given the results from previous work (Haass-Koffler et al., 2017) , showing that only DBP moderated response to doxazosin for the treatment of AUD.
Adverse Events
A modified version of the Systematic Assessment for Treatment Emergent Effects (SAFTEE) (Levine and Schooler, 1986 ) was obtained at all MM visits by research staff from subjects who were still taking the medication and, in those who had discontinued, to verify side effects had subsided.
Medication Adherence
We measured adherence both by pill counts and selfreport. Each of these approaches produced 2 total adherence percentages: full and adjusted. The full total was number of pills taken divided by the full, ideal, prescription (equivalent to 304 2 mg pills). The adjusted total was number of pills taken divided by number of pills each participant was expected to take based on any changes in prescription (due to side effects) by the medical provider.
Statistical Analyses
For aim 1, we used hierarchical linear modelling, and, in particular, we used a lagged growth model. Analyses were performed with HLM 7 (Raudenbush et al., 2004) , and used restricted maximum likelihood estimation and robust standard errors. Outcome data were count, and the models assumed a Poisson distribution with constant exposure. DPW was the primary outcome measure, and DPDD, PDA, and PHDD were secondary outcome measures. HLM is an ideal method for handling missing data as it does not generate list-wise deletion of cases and uses all available data. For drinking measures, time was coded as 0, 1, 2 for 0 to 2, 2 to 4, and 4 to 6 weeks after medication initiation, respectively, and entered as a fixed factor. Baseline values of the outcome measure and medication condition were entered as predictors in all models and the slope, or rate of change in the outcome over time, was our dependent variable of interest. Intercept and slope were both predicted in level 2, and both were allowed to vary. P values <0.05 for tests of the coefficient associated with medication condition in the models predicting slope indicated that the rate of change in drinking over time differed between the 2 treatment groups (as opposed to tests in the models predicting intercept which would be a mean difference test).
In addition to our intent-to-treat analysis (n ¼ 36), we also performed analogous exploratory post hoc analyses in the subgroup (n ¼ 27) that had adequate medication exposure (excluding those who dropped out immediately after medication initiation and who discontinued medications) and in a smaller subgroup (n ¼ 26) after excluding an outlier.
For aim 2, several moderator analyses were performed with HLM in the intent-to-treat sample after eliminating an extreme outlier (n ¼ 35), using a similar set of models. We removed this outlier for all moderator analyses, as moderator results changed depending on whether this outlier was included or excluded, and graphs of drinking quantities over time showed a nonstandard trajectory when the outlier was included. For these analyses, an interaction term, the original continuous or binary moderator, the baseline value of the outcome, and condition were added as predictors, and the rate of change over time in the outcome were the outcomes of interest. We limited moderator analyses to DPW and DPDD (DPW was our primary outcome and the moderator effect of DBP was measured with DPDD in previous work; HaassKoffler et al., 2017) . The PROMIS anxiety variable was binarized using a median split. The DBP variables (sit and std) were binarized based on values > or <90. These binary moderators were multiplied by medication condition to create the interaction term. However, diverging from previous work (Haass-Koffler et al., 2017), we used 90 as a cut-off for high versus low DBP grouping instead of 80, as only 25% of our sample had a DBP <80, whereas approximately 50% had a DBP <90. Only results from moderator analyses with a significant interaction term are reported, and statistical tests by moderator subgroup were performed in a similar fashion as the main effects tests (effect of condition on rate of change in DPW and DPDD within relevant subgroups).
RESULTS
Participant Flow and Characteristics
Three hundred ninety-eight individuals were screened by phone (9/13-5/16). Figure 1 summarizes the study flow. Thirty-six individuals were initiated on medications, with 33 confirmed as starting on medication (17 prazosin, 16 placebo) and 31 attending at least 1 follow-up visit. Three participants dropped out of the study immediately after medication initiation (placebo 2, prazosin 1), 2 dropped out between baseline and week 2 (placebo 0, prazosin 2), 2 dropped out of the study between week 2 and week 3 (placebo 2, prazosin 0), 1 (prazosin) dropped out after week 3, and 1 dropped out (between visit 10 and 11, prazosin) after completing medication. Twenty-seven completed all study visits (13 prazosin).
Fifteen participants were Hispanic, 17 were Caucasian, 10 were Native American, and 2 were Asian. Twenty-three were male. Participants averaged 14.03 years of education (SD 1.91) and 5 were unemployed. Three participants had current (past month) marijuana dependence. Fourteen participants met criteria for lifetime marijuana dependence, 8 for lifetime cocaine dependence, 1 for lifetime sedative dependence, and 1 for lifetime opiate dependence. One participant met criteria for current major depression, 2 for current substance-induced mood disorder, and none for bipolar disorder. Seven participants had current comorbid anxiety diagnoses, but none met criteria for PTSD. Participants did not significantly differ on any tested variables between prazosin and placebo groups ( Table 2) .
Effect of Prazosin on Drinking Outcomes
When analyses were performed in an intent to treat fashion (n ¼ 36), no significant differences between the active and placebo condition in rate of change from 0 to 2 weeks, to 4 to 6 weeks for our primary (DPW) and secondary (DPDD, PDA, PHDD) drinking variables (Table 3 , Fig. 2A ) were observed. However, when only individuals in the optimal treatment exposure subgroup were analyzed post hoc, there was a significant effect of active treatment, indicating that the slope was more negative for those assigned to prazosin compared with placebo, or that prazosin was associated with a greater rate of reduction in DPW over time (beta ¼ À0.304, P ¼ 0.012). Upon visual inspection of the graph for DPW for the optimal treatment exposure subgroup, we observed an ''uptick'' in drinking in the prazosin group from 2 to 4 weeks, to 4 to 6 weeks (observable to a lesser extent in Fig. 2A ) that was driven by an extreme outlier in the prazosin group (>1.5 Ã IQR). Removing this outlier, the effect of prazosin on DPW was even more robust in the optimal treatment exposure subgroup (beta ¼ À0.427, P ¼ 0.002) and the trajectory of the 2 groups was more standard (Fig. 2B) .
Safety, Tolerability, Adverse Events
Four participants had their medications discontinued by the study physician and/or at the patient's request for various reasons and all were on active treatment (details in Supplemental Materials, http://links.lww.com/JAM/A84). Three of these individuals were in the low-sitting DBP group. Dose adjustments were made for 3 participants for tolerability, of 
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Adherence
Prazosin was associated with similar rates of adherence as placebo (Ps > 0.69 on independent-sample t tests) for the adjusted total adherence variables, but a lower frequency of bringing in pill counts (chi-square Ps for visit 8 were 0.032, and visits 9 and 10 were 0.070 and 0.081, respectively). Prazosin was also associated with lower overall doses (study-doctor adjusted doses were more prevalent in active [decreases n ¼ 2, discontinuations n ¼ 4] compared with placebo [decreases n ¼ 1, discontinuations n ¼ 0]), which resulted in lower full total adherences (P 0.041-0.103) (Table S5 ). For individuals with low-sitting DBP, prazosin was associated with lower full total self-reported adherence (mean placebo 86.69 AE 27.60, mean active 61.00 AE 43.50, t ¼ 1.55, P ¼ 0.15) and lower full total adherence by pill counts (mean placebo 82.47 AE 28.47, mean active 45.99 AE 44.04, t ¼ 2.17, P ¼ 0.045), but similar adjusted adherence levels for self-report and pill counts (P 0.94 and 0.56, t 0.08 and 0.59) (n ¼ 19). For individuals with high DBP, prazosin and placebo did not differ on total adherence (P > 0.47, t < 0.75) (n ¼ 12). These findings could indicate that individuals with low DBP are less able to tolerate the full 16 mg dose.
Moderator Analyses
Sitting DBP (DBPsit) (interaction term P ¼ 0.038) and standing DBP (DBPstd) (interaction term P ¼ 0.024) significantly moderated the effect of medication condition on rate of change in DPDD. Graphing this effect for DBPsit (Fig. S2 , http://links.lww.com/JAM/A86) indicated that for those with a high DBPsit, individuals on placebo improved less quickly than those on active treatment. Analyses by subgroup demonstrated that individuals with high DBPsit (beta ¼ À0.330, P ¼ 0.036) and high DBPstd (beta ¼ À0.271, P ¼ 0.013) had more negative betas for the effect of condition on rate of change in DPDD (indicating a faster rate of improvement on prazosin compared with placebo) than those with low DBPsit (beta ¼ À0.027, P ¼ 0.600) and low DBPstd (beta ¼ À0.041, P ¼ 0.516). In summary, in those with high DBP, there was a significant difference between active and placebo treatment, but, in those with low DBP, active medication was inert. The effect of condition on rate of change in DPW was not moderated by DBP, nor was either DPDD or DPW moderated by anxiety. Cauc, Caucasian; DiaSit, sitting diastolic blood pressure; DiaStd, standing diastolic blood pressure; DPDD, drinks per drinking day; DPW, drinks per week; MDD, major depressive disorder; NA, native American; PDA, per cent days abstinent; PHDD, per cent heavy drinking days; PromisAnx, PROMIS Anxiety T-score; PromisDep, PROMIS Depression T-score; SCID, Structured Clinical Interview for DSM-IV; subst ind mood, substance-induced mood; SUD, substance use disorder. 
DISCUSSION
In summary, in the intent-to-treat sample, alcohol use outcomes in the prazosin group were not significantly different from placebo for our primary measure (DPW) or secondary outcome measures. However, in support of previous published studies of prazosin in AUD (Simpson et al., 2009; Simpson et al., 2015) , in a post hoc analysis, a main effect of prazosin on the rate of drinking reduction was observed in an optimal treatment exposure subgroup. Although it appeared that this faster rate of change could have been partly due to regression to the mean because individuals on prazosin had higher mean DPW at baseline than placebo (Fig. 2B) , these baseline differences were not statistically significant.
One possible reason for the lack of efficacy in the intentto-treat sample is that medication tolerability was a problem. Four of the individuals on prazosin, but none on placebo, chose to discontinue the medication, and there was a higher rate of dizziness on standing in the prazosin group. Poor adherence appeared especially problematic in individuals with low DBP. Furthermore, at later time points, individuals on prazosin were less likely to bring in their pills for counts than those on placebo, which could indicate avoidance behavior, and not wanting to be discovered being nonadherent. That the overall effects of treatment in the expected direction were seen at weeks 2 to 4, but not 4 to 6 (Table S4 , exploratory generalized linear model analysis) for DPW could indicate that the medication was helping until participants stopped taking it. Another possibility is that all subjects experienced large reductions of drinking, regardless of condition, perhaps due to the efficacy of the MM intervention (Anton et al., 2006) , which may have washed out medication effects.
Furthermore, similar to a study of doxazosin (HaassKoffler et al., 2017), we observed a larger effect of prazosin compared with placebo on DPDD in individuals with high DBP compared with individuals with low DPB. This should be interpreted cautiously, given the small sample size. However, other work has also found high blood pressure to successfully identify individuals with PTSD who more likely to respond to prazosin (Raskind et al., 2016) . That blood pressure predicts response to treatments with alpha-1 noradrenergic antagonists in several independent samples indicates this marker has potential for clinical utility, especially given that it can be obtained in any clinical setting.
One limitation of this study which could have contributed to the null effects for the intent-to-treat analysis was the sample size; this small-scale NIH-funded study did not have sufficient power to detect small effects, but was powered to detect moderate to large effects (we were 80% powered to detect an effect of 0.35 for the main analysis and an effect of 0.43 for the moderator analyses). However, the initial pilot study of prazosin in AUD (Simpson et al., 2009) showed robust effects of medication on drinking outcome (Cohen d ¼ 2.8 for medication effect on DPW at 6 weeks in study completers n ¼ 17). Second, 6 weeks is a relatively short treatment period. If the trial was longer, the superiority of prazosin over placebo in the optimal responders group and in individuals with high DBP could be lost or could be accentuated. Third, individuals with current cannabis use disorder and past other substance use disorder were not excluded. However, this could also be considered a strength, given that our findings have greater generalizability. Fourth, for the moderator analyses, we acknowledge that heterogeneity of response in the sample may have either masked or contributed to false-positive results, and the small sample precluded more rigorous outlier removal; larger samples are necessary to definitively establish DBP as a moderator and to determine the sensitivity and specificity of various thresholds for decision-making during choice of treatment. Another major limitation was that we excluded individuals with PTSD to maintain some homogeneity, which may have limited the sample variability to test anxiety-related moderator effects. However, 10 of the subjects did meet criteria on the Structured Clinical Interview for DSM-IV for current or past anxiety disorder. Finally, that individuals were able to guess their treatment assignment (supplemental results, chisquare P < 0.002) indicates that the trial was biased in the direction of finding a treatment effect.
In summary, in the intent-to-treat sample, there was not a significant effect of prazosin, relative to placebo, on the rate of reduction in drinking. Post hoc exploratory analyses in a subgroup of individuals who followed through and were able to tolerate medications indicated that prazosin increased the rate of reduction in DPW, in support of previous work (Simpson et al., 2009; Simpson et al., 2015) . Poor tolerability and adherence may have contributed to the lack of medication effect when the whole sample was examined. Unlike doxazosin, a once-daily medication, prazosin is a 3 times a day medication, which may further challenge adherence. Also important, we replicated the findings in previous work, suggesting that DBP is a moderator of treatment response to alpha-1 antagonists in AUD (Haass-Koffler et al., 2017) . Future work should explore whether these findings are replicated in a larger sample and explore the diagnostic utility (sensitivity and specificity) of DBP for predicting response to treatment with this medication class.
